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Introduction
Nanohydroxyapatite/polyamide 66 (n-HA/PA 66) is a biocomposite made by nanotechnology using hydroxyapatite and polyamide [1] . Nanotechnique is popular in biomaterial field and is widely accepted by researchers [2] [3] [4] . Hydroxyapatite (HA) and natural bone mineral have similar composition and structure, so HA was considered as an ideal bone repair material due to its osteoconductivity. However the brittleness of HA decide that it only can be used in no load-bearing bone repair. When the HA was used as a strut it easily broke [5, 6] . Because chemical structure and active groups of polyamide (PA) are similar to collagen protein, it has good biocompatibility. PA also has excellent mechanical properties because of the strong hydrogen bonds in PA macromolecules [7, 8] . N-HA/PA 66 composite combined the advances of the two materials. So it was considered as an ideal material in bone defect repair and reconstruction. N-HA/PA 66 composite was developed by thermal-press molding technique [9] . The porosity of the materials is 36% to 57% and average diameter of the pores is 280 m to 500 m. Good interface is provided by the irregular pores between n-HA/PA 66 and host bone; thus new bone tissue can grow in the pores. The porous n-HA/PA 66 composite is credited to have biological safety and to be effective [10, 11] . Devices made by this material have been used for bone repair and reconstruction successfully in recent years [12] [13] [14] .
N-HA/PA 66 composite cages for anterior cervical discectomy and fusion (ACDF) or anterior cervical corpectomy and fusion (ACCF) were reported by several researchers and show good clinical results [15] [16] [17] . They concluded that the n-HA/PA 66 composite cages were even better than the titanium mesh cages which are widely used in the world currently. However a new material needs more studies to verify the efficacy and safety before it is widely accepted and used, so we reviewed the patients who received the operation of ACCF with nanohydroxyapatite/polyamide mesh cage and compared the outcomes to titanium mesh cage.
Patients and Methods

Patients.
From January 2009 to June 2011, patients who underwent ACCF for cervical spondylosis myelopathy (CSM) in our hospital were reviewed. The patients' age, sex, height, photographs, radiographs, and clinical records were prospectively collected in our department database. The inclusion criteria were (1) patients with myelopathy, (2) the follow-up being at least 2 years, and (3) single-level ACCF surgery. The exclusion criteria were (1) cervical spondylosis radiculopathy or fracture, (2) cervical deformities or neoplasia, and (3) patients with multilevel corpectomy. 95 patients were included in this study with the age range 45-73 years. The patients were divided into two groups by using n-HA/PA 66 composite cages or titanium mesh cages (TMC). Figure 2 is the TEM micrographs of n-HA/PA 66.
N-
Surgical Technique.
After general anesthesia, the neck of patients was padded in extension position. The SmithRobinson method was used to perform anterior exposure [18] . Then the target cervical excision was confirmed by mobile digital imaging system, and cervical corpectomy and decompression were performed. The vertebral bone fragments were collected and used as graft material. The endplate of the upper and lower vertebrae was prepared with curette. Then TMC or n-HA/PA 66 mesh cages were selected with appropriate lengths, filled with local autologous bone, and implanted into corpectomy space ( Figure 3 ). The anterior cervical plate was fixed to upper and lower cervical vertebrae with screws for further stabilization. After surgery, a soft cervical collar was used for six weeks. compared between two groups. The Japanese Orthopedic Association (JOA) CSM scale was used to assess clinical result of each patient before surgery and at last follow-up.
The patients had radiological follow-up immediately, at one, three, and six months and then annually after surgery. The cervical spine radiographs were performed at each follow-up examination. Lateral plain radiographs were used to evaluate fusion status and cage subsidence. When trabecular bone grew across the interfaces, fusion was considered. If there was lucency between implants and vertebral endplates, nonunion would be considered. The change of fusion segments' height was defined as subsidence. When cage subsidence was bigger than three millimeters it was considered as severe subsidence. Five independent spine surgeons measured these radiographic parameters and the average value was calculated for final analysis.
Statistical Analysis.
In this study all statistical analyses were performed using SPSS 17.0 statistic software (SPSS, Chicago, Illinois, USA). Student's -test was used to compare mean data, and Pearson's Chi-squared test was performed for categorical data. < 0.05 was considered as statistical significance.
Results
The anterior fusion was performed using TMC mesh cage in 59 patients ( Figure 4 ) and n-HA/PA 66 mesh cage in 36 patients (Figures 5 and 6 ). The demographics of cases are shown in Table 1 . There was no statistical difference between these two groups (all > 0.05).
Surgical and Clinical
Outcome. The operations were successfully performed in all patients. One patient of TMC group was reoperated 3 months after primary surgery because of screw loosening and plate displacement. No major procedure-related complications were found. There were no postoperative hematoma or wound infection in two groups. Some patients had dysphagia postoperatively, but they all were covered within 1 month. Duration of hospitalization, operation time, and blood loss were not statistically different between groups. The last follow-up JOA scores of both groups improved significantly compared to preoperative JOA scores. However, there was no statistical difference between groups (Table 2) .
Radiographic Result.
There was no case of cage breakage in the two groups at the last follow-up. However, there were 3 cases of screw loosening in TMC group. At the last follow-up, the fusion rate was 100% in two groups. 1 and 16 severe cage subsidence instances were observed in n-HA/PA 66 group and TMC group respectively, which have statistical difference (Table 3 ).
Discussion
Anterior cervical corpectomy and fusion (ACCF) is used when the anterior compression surpasses the disc level such as ossification of the posterior longitudinal ligament (OPLL). Currently structural autografts, allografts, and cages are used as support structure implant in ACCF. However the donor site morbidity and the risk of disease transmission with allograft are concerns of many surgeons. Furthermore, there is much autologous local bone which can be used in the cage [19] . So cage devices become the best choice for cervical reconstruction. The cage filled with local bone can provide support, osteoinduction, and osteoconduction and has a high rate of osseous fusion.
Titanium mesh cage is widely used in anterior cervical corpectomy and fusion currently. And the clinical outcomes were favorable [20, 21] . However the high rate of cage subsidence has been observed in the past researches. Chen et al. found that TMC subsidence (more than one millimeter) occurred in 79.7% of patients and severe subsidence (more than three millimeters) in 19% of cases. They also concluded that severe TMC subsidence was correlated with bad clinical outcomes [22] . More recently, polymethylmethacrylate (PMMA), polyetheretherketone (PEEK), and carbon fiber reinforced polymer (CFRP) cages have been developed for ACCF. But they are not widely used currently. At present, many nanomaterials have been used for bone regeneration because of their satisfactory osteogenic activity [23, 24] . A new n-HA/PA 66/glass fibre composite was developed by Qiao et al. and is still in experiment stage [25, 26] .
The clinical results of n-HA/PA 66 cage have been gradually reported in recent years. Zhao et al. reported a 94.3% fusion rate and a 2.9% cage subsidence rate in their 35 patients [15] . Yang et al. found a fusion rate of 97% in 35 patients who underwent ACCF with an n-HA/PA 66 mesh cage fusion. They also compared the outcomes between the n-HA/PA 66 mesh cage and the TMC [17] . In their single-level cervical corpectomy series, solid bony fusion was found in 84% of patients in the TMC group at one year and in 94% four years after surgery. Solid fusion was found in 94% of patients in the n-HA/PA 66 mesh group at one year and in 97% four years after surgery. The rate of severe cage subsidence was 22% in TMC group and 6% in n-HA/PA 66 group. They also reported that the postoperative VAS and JOA points in TMC group were poorer than the ones in n-HA/PA 66 group. In our series, we found that the clinical results were similar between two groups. The operation time, surgical blood loss, complications, and JOA score of two groups were similar. At the last follow-up both the two groups obtained 100% solid fusion. But the TMC group had higher rate of severe cage subsidence than the n-HA/PA 66 group (27% versus 2%). We think the reason is that n-HA/PA 66 material has superior elasticity, good interface, and big contact surface which lead to sooner fusion. Severe cage subsidence can lead to screws loosing and plate displacement. One patient of TMC group underwent reoperation because of the symptoms caused by plate displacement in our cases.
There were several disadvantages in this research. First, this study was a retrospective research and further prospective study is necessary. Second, the method of estimating fusion rate was not accurate. The fusion in this study may be considered as "clinical fusion. " Flexion and extension X-ray films, CT scan, and even MRI should be used to judge the fusion status in future researches.
In conclusion, the n-HA/PA 66 mesh cage had safety and efficiency in ACCF. It was successfully used in ACCF and had good outcomes that can be a substitution to traditional TMC cage.
